Abstract Chronic atrophic gastritis (CAG) is an important precursor lesion of intestinal gastric cancer. As it is typically asymptomatic, epidemiological data on the incidence of CAG are sparse. We aimed to provide an overview of published data on CAG incidence (overall and according to risk factors) from follow-up studies. Articles with information on incidence of CAG published in English until 26th of July 2009 were identified through a systematic MEDLINE and EMBASE search. Data extracted include study characteristics and key findings regarding the incidence of CAG. A meta-analysis was performed on the association between Helicobacter pylori infection and CAG incidence. Overall, data on CAG incidence were available from 14 studies, in 7 studies incidence could be estimated according to H. pylori infection. Most studies were conducted in symptomatic or high risk populations and the maximum number of incident cases was 284. Incidence estimates ranged from 0 to 11% per year and were consistently below 1% in patients not infected with H. pylori. The highest incidence was observed in a special study conducted on ulcer patients treated by proximal gastric vagotomy. Rate ratios for the association between H. pylori infection and CAG incidence ranged from 2.4 to 7.6 with a summary estimate of 5.0 (95% confidence interval: 3.1-8.3). Incidence of CAG is very low in the absence of H. pylori infection. There is a need for more population-based studies to provide comparable estimates of incidence and the impact of risk factors in the development of CAG.
Introduction
Chronic atrophic gastritis (CAG) is an important precursor lesion in the development of intestinal type of gastric cancer [1] . Even though there is a worldwide decline in the incidence of this type of cancer, its public health burden is still high, with gastric cancer ranking fourth in cancer incidence and being the second most common cause of cancer-related deaths worldwide [2] .
The sequence of events that occur in the gastric mucosa before the manifestation of gastric cancer has been shown to take decades. Typically, the sequence is from chronic non-atrophic gastritis that progresses to CAG, which may eventually lead to intestinal metaplasia, dysplasia and finally adenocarcinoma [3] . In order to understand the processes involved in the occurrence of this type of cancer and to establish risk factors for its development, it is necessary to understand its precursor lesions and the risk factors associated with their development.
The first follow-up studies on CAG have been conducted more than five decades ago. However, the majority of epidemiological studies on CAG and its risk factors have been cross-sectional [4] . Infection with the gastric bacterium Helicobacter pylori was shown to be strongly associated with CAG in a recently published meta-analysis that relied on cross-sectional data [5] . However, to prove the causal role of H. pylori infection and other risk factors in the development of CAG, analysis of follow-up data is necessary.
The aim of this systematic review is to provide an overview of the incidence of CAG, both overall and according to potential risk factors reported by follow-up epidemiological studies.
Materials and methods
Articles providing information on the incidence of CAG were identified through a systematic search in the MED-LINE and EMBASE databases by using various combinations of the terms 'atrophic', 'atrophy', 'chronic', 'gastritis', 'pepsinogen', 'incidence', 'cohort', 'follow-up', 'long term', 'prospective' and 'retrospective'. Additionally, references of retrieved articles were screened for further studies (cross-referencing).
All original research articles from human studies published in English until the 26th of July 2009 were included. Due to the few studies that could be identified, restrictions in terms of selection criteria of participants (e.g., hospital based studies or studies which included patients with a particular disease or treatment) were not taken. However, only studies with more than 15 study participants without CAG at baseline and with a mean or median of at least 2 years of follow-up were included. Furthermore, studies in which follow-up was made by indication only (rather than by design) were not included.
The following data were extracted from the articles: first author, year of publication, characteristics of the study population [country, population type, sample size, age (range and mean or median) of study participants], dates of baseline and of follow-up examinations, mean years of follow-up, H. pylori infection at baseline, method of diagnosis of CAG (both at baseline and at follow-up), absolute number of incident cases and incidence of CAG (in percent per year), overall and according to pertinent risk factors. If incidence rates of CAG per year were not given in the articles, they were calculated from case numbers and mean years of follow-up time. In order to enhance comparability of the studies only data from the corpus or fundus mucosa (where given separately) were used to calculate incidence rates in the studies with histological assessment of CAG even when data on multiple biopsy sites for histological assessment of CAG was provided. Extraction of data from the articles was performed independently by two investigators (MAA and LG), and minor discrepancies were resolved in consensus.
A meta-analysis on the association between H. pylori infection and incidence of CAG was conducted with the Comprehensive Meta-Analysis software (V2.0; Biostat, Englewood, NJ, USA) by using a random effects model. The meta-analysis was performed on all studies where incidence of CAG could be estimated according to H. pylori infection at baseline. A forest plot showing rate ratios for the incidence among H. pylori positive compared to H. pylori negative study participants was created. Heterogeneity was analysed by the Q-test [6] and by the I 2 -test [7] . Publication bias was analysed by Egger's weighted regression model [8] and by Begg's rank correlation method [9] .
Results
Figure 1 presents a flowchart of the literature search; numbers of articles and reasons for exclusion are given. The literature search initially resulted in 3,334 articles which were screened by title and abstract. Sixty-four articles were identified to potentially provide data on the incidence of CAG. After reading the full text of the 64 articles a number of them had to be excluded, these are given in an additional file as supplementary material. 8 articles were excluded because they did not present any data on CAG or its incidence. 15 articles had to be excluded because they only presented prevalence data at baseline and follow-up examinations or at either time period. In another 14 articles, distribution or changes in severity of carditis or gastritis scores, or gastritis grades rather than incidence of CAG was reported. 8 articles were excluded because they had less than 15 study participants at baseline without CAG. Another 4 articles were excluded for the following reasons: all patients had either chronic gastritis or CAG at baseline, incidence of CAG was based on biopsies and not on study participants, incidence of CAG and metaplasia or either of them were grouped together and in one study, no mean follow-up time could be estimated. Due to these exclusions, only 14 studies (from 15 articles) with information on the incidence of CAG could be included in this review [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . According to the above described criteria, all of these studies included more than 15 study participants who were diagnosed to be free of CAG at baseline, either by histology ('normal' or 'superficial gastritis') or by serum pepsinogen (PG) levels.
A summary and characterization of the 14 studies included in this review is given in Table 1 . The earliest study was started in 1952 in Finland [15] . The most recent one in 1990-1993 in Slovenia; [19] all studies were published between 1988 and 2008. 2 of the studies were conducted in multiple centres in different countries [20, 22] . Studies were carried out in Sweden, [10] Columbia, [11] the Netherlands, [12, 13] the Netherlands and Sweden, [14] Finland, [15] Estonia, [16, 24] Japan, [17, 23] USA, [18] Slovenia, [19] Australia, Canada, Germany, and the Netherlands, [20] Germany [21] and Denmark, Finland, Norway and Sweden [22] . Most of the studies were not population-based and consisted of symptomatic patients. CAG was diagnosed by histology in twelve studies and by serum pepsinogen levels in two studies [17, 23] . Mean follow-up time of the study participants in the different studies ranged from 2 to 32 years. Sample sizes ranged from 17 to a maximum of 780 subjects. However, only 6 of the studies had more than 100 participants and only one study included more than 500 study participants. Numbers of incident cases ranged from 0 to 284. The age of the study participants at baseline ranged from 15 to at least 83 or older. Where reported, mean age at baseline ranged from 35 to 64 years.
12 studies examined H. pylori infection at baseline by one or more of the following methods: bacterial culture, [12, 13, 19] histology, [12-16, 18-22, 24 ] PCR (polymerase chain reaction), [19] rapid urease test, [19] and serology [12-14, 17, 19, 24] .
Incidence rates of CAG ranged from 0 to 10.9% per year. The lowest incidence (0%) was observed in two study populations, one made up of a very special cohort of 71 patients with reflux esophagitis, who were treated by fundoplication (an endoscopic procedure of wrapping the fundus around the esophagus for treatment of reflux esophagitis) and followed for a mean period of 5 years [14] . The other study population consisted of 45 patients who had undergone successful H. pylori eradication therapy before the start of the study [19] . However, there was also a lack of any incident case in subpopulations of 140 H. pylori negative patients who had undergone either fundoplication or who were treated by omeprazole for 7 years and were followed for 7 years [22] . The highest incidence was estimated in a cohort of patients who had undergone proximal gastric vagotomy for treatment of juxtapyloric ulcer [10] .
The two studies from Japan which diagnosed CAG by serum pepsinogen levels, a study from Estonia [24] and one from Colombia [11] were the only studies with an approximate population-based study sample. The incidence observed in the study from Estonia was 1.9% per year and that in the Columbian study 7.1%. The two Japanese studies used slightly different definitions of CAG. The incidence reported in the first of these studies using a less restrictive CAG definition (PGI \ 70ng/mL & PGI/ PGII \ 3) was rather high (2.7% per year) [17] compared to the studies that assessed CAG by histology. The incidence in the second serology-based study was 1.3% per year [23] .
In the study from Columbia [11] , incidence of CAG was given according to age groups with a higher incidence in the older group (B40 years of age 7.0% per year and C41 years of age 8.5% per year). There was however, no such trend in another two studies in which incidence of CAG could be estimated by the given age groups [17, 23] . In two serological studies from Japan incidence was further estimated by gender, with males (3.2% per year) having higher CAG incidence compared to females (2.4% per year) in one of the studies [17] , whereas no such difference was seen in the other one (annual incidence in males and females: 1.3 and 1.4%, respectively) [23] . The study of Ozasa et al. [17] from Japan was the only study in which incidence of CAG could be estimated by dietary and lifestyle factors. Daily consumption of green-yellow vegetables was associated with an increased incidence of CAG in both men and women. Overall, daily alcohol consumption was also associated with an increased incidence of CAG, however, results were not consistent across genders. Men who smoked daily had a higher incidence of CAG compared to those who did not smoke daily; the reverse was the case in the female study participants. Crude incidence of CAG according to these risk factors (daily smoking, daily alcohol consumption and daily consumption of green yellow-vegetables) is given as footnotes in Table 1 .
In 7 studies, incidence rates could be estimated according to H. pylori infection at baseline. In all of these studies, incidence rates were substantially higher in H. pylori positive subjects (up to 8.1% per year) compared to the H. pylori negatives (up to 1.8% per year). Of the studies that assessed H. pylori infection, only one provided Table 1 Summary of follow-up studies with data on the incidence of chronic atrophic gastritis Incidence of chronic atrophic gastritis 445 additional data on antibodies against cytotoxin associated gene A (cagA), an established virulence factor of H. pylori. Among the H. pylori positive population in this study, incidence was substantially higher in subjects who showed antibodies against cagA (4.3% per year) compared to those who were cagA-negative (2.5% per year) [12] . Estimates of the impact of H. pylori infection on the incidence of CAG are shown in Fig. 2 . The forest plot visualizes results of a meta-analysis conducted among all those studies which provided information on H. pylori infection of the study participants at baseline. The test for heterogeneity resulted in I 2 = 18.4 (Q-test: P [ 0.2) and there was no indication of publication bias according to both Egger's weighted regression model and Begg's rank correlation method (P [ 0.1). Rate ratios comparing the incidence of CAG in H. pylori positive subjects to the incidence in H. pylori negative subjects ranged from 2.4 to 7.6 (with an outlier at 95.5). In a sensitivity analysis excluding the study with a rate ratio of 95.5 [22] , the summary estimate was only slightly lower [4.5, 95% confidence interval (CI): 2.9-7.0]. We furthermore, performed a meta-analysis including only study populations made up of patients with gastric complains or diseases in which CAG was diagnosed exclusively by gastroscopy. In this analysis, heterogeneity was further reduced [I 2 = 9.5 (Qtest: P [ 0.4)] and the summary estimate [6.1 95% CI (3.4-10.9)] was similar to the one obtained when all the studies were included.
Discussion
Overall, fourteen studies with data on the incidence of CAG could be identified. Among these, incidence rates varied widely, ranging from 0 to 10.9% per year. Substantially higher incidence rates were consistently observed in H. pylori positive participants compared to H. pylori negatives. The meta-analysis on the association between H. pylori infection and incidence of CAG resulted in a summary estimate of 5.0 (95% confidence interval: 3.1-8.3). Patients who had undergone proximal gastric vagotomy, as well as patients who have reflux esophagitis and who were on long-term omeprazole treatment showed a remarkable high incidence of CAG.
The much higher incidence rates of CAG that were observed in H. pylori positive individuals compared to H. pylori negative individuals and the according rate ratios observed in the meta-analysis are consistent with findings from a number of cross-sectional studies which disclosed a strong association between H. pylori infection and CAG [5] . Similarly, the H. pylori specific virulence factor cagA has consistently been shown to be associated with an increased risk of CAG in cross-sectional studies. In this review, only one of the studies took cagA seropositivity into account and within the group of H. pylori positive individuals, those who did not show antibodies against cagA showed a much lower incidence than those who were cagA-positive [12] . Even though these results have to be interpreted with caution due to the small sample size of the study, they support the importance and impact of cagA in the pathogenesis of H. pylori induced CAG.
The highest incidence of CAG was observed in a cohort of patients treated by vagotomy for juxtapyloric ulcer [10] . High incidence rates of CAG were furthermore, observed in cohorts of H. pylori positive patients treated with omeprazole for reflux esophagitis [14, 20, 22] . This finding might be explained by the joint impact of long-term H. pylori infection and omeprazole therapy on lowering of the gastric acidity which makes the gastric mucosa more prone to atrophy. Furthermore, even though, the overall incidence of CAG in this group of patients was remarkably high, CAG incidence was lower and comparable to that of other study populations without such treatment in the H. pylori negative study participants, leading us to presuppose that infection with the bacterium plays a major role for the development of CAG in this group of patients.
Even though H. pylori can survive the acidic gastric environment, due to its ability to break down urea to carbon dioxide and ammonia by urease activity, it has been shown to have an optimal growth at neutral pH [25, 26] . In H. pylori positive patients, treatment with omeprazole or proximal gastric vagotomy reduces the gastric acidity and might, enhance bacterial growth. Bacterial overgrowth might be a key factor in the development of atrophy in such patients and therefore, maybe this higher incidence of CAG seen in this group of patients. Therefore, eradication of H. pylori infection, which has been shown to be able to reverse gastritis without exacerbation of reflux disease, maybe particularly important in this group of patients [27] . A number of limitations of this systematic review have to be kept in mind. Only studies published in English as full articles were included. Possibly, additional results have been presented at conferences and published as meeting proceedings. However, very few follow-up studies on the incidence of CAG have been conducted so far and it seems rather unlikely that further relevant studies exclusively reported in abstract form exist from which appropriate details on incidence could be derived.
Several other aspects have to also be considered when interpreting the study results. The determination of CAG requires specific attention. Even though, almost all of the studies included in this review assessed CAG by histological assessment of biopsy specimen of the gastric mucosa, which is considered the gold standard for clinical diagnoses of CAG, it should be noted that incidence of CAG was estimated solely on the corpus or fundus mucosa and did not take into account the antral mucosa (where data were separately given for each). It has been suggested, that the antral mucosa might be more prone to regressive CAG changes and that atrophy of the body mucosa might be associated with healing of the antrum [28] . On the other hand, atrophy has been reported to start in the antrum and to spread proximally (thus leading to an increased incidence in the antrum compared to the corpus) [29] . In the two Japanese studies, different cut points of serum PG levels were used to define CAG [17, 23] . This difference might explain the variation of the reported incidence by a factor of more than 2 (lower incidence in the study with the more stringent definition of disease), despite the similarity in setting, age range and recruitment years of the study populations. These findings underline the importance of the choice of the cut-off level [30, 31] .
The main limitations regarding existing evidence are related to the heterogeneity of the existing studies. For example, the use of different diagnostic methods for assessment of CAG hampers direct comparisons between the studies. Similarly, H. pylori infection was assessed by different methods. As sensitivity and specificity of the different tests used to determine infection vary, misclassification of infection status might occur, leading to underestimation of the impact of H. pylori on the development of CAG. Most of the studies that could be included in the review showed rather small sample sizes. Additionally, only one of the study populations was sampled from the general population and most participants were lost to follow-up. Some studies had a rather short follow-up time and information on incidence according to potential risk factors other than H. pylori was lacking almost entirely.
Despite these limitations, there is consistent evidence that incidence of CAG is very low in the absence of H. pylori infection. These findings are consistent with a major role of H. pylori infection suggested previously by cross-sectional studies. Proximal gastric vagotomy and long-term treatment with omeprazole of H. pylori positive patients with reflux esophagitis might further increase the risk to develop CAG, requiring eradication of the infection. However, this review also clearly shows the lack of largescale and population-based studies on the incidence of CAG. Ideally, studies could be designed in such a way that they allow for assessment of international variation as well as temporal trends. Using non-invasive tests (such as serum PG concentrations) [32] for the diagnosis of CAG might greatly enhance possibilities to conduct such studies in population-based (asymptomatic) study samples. In order to further clarify the role of age, gender, socio-demographic factors, diet and lifestyle factors, such as smoking on the incidence of CAG future follow-up studies should address these, as well as the role of any other potential risk factors.
